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FDELD EMITTERS AND DEVICES 

This invention relates to field emission matemls and devices, and is 
concerned particulariy but not exclusively with methods of manufacturing 
addressable field electron emission cathode arrays. Preferred embodiments of 
5 the present invention aim to provide improved designs 
uniformity and rdiability. 

It has become dear to those skilled in llie art that the key to practical 
field emission devices, particulariy displays, lies in arrangements diat permit die 
control of the emitted current with low voltages. Until recenriy, tihe majority of 
10 the art in this field related to tip-based emitters - that is, structures that utilise 
atomically sharp micro-tips as the field emitdng source. 

There is considerable prior art relating to tip-based emitters. The main 
objective of workers in that art has been to place an electrode with an aperture 
(the gate) less than 1 micron away firom each single emitting tip, so that the 

15 required hig^ fields can by achieved using applied potentials of lOOV or less - 
these emitters are termed gated arrays. The first practical realisation of this was 
described by C A Spindt^ working at Stanford Research Institute in California 
(f..^LPbys. 39,7^fp3504'3505, (19S8)). Spindt's arrays used molybdenum 
emitting tips which were produced, using a self masking technique^ by vacuum 

20 evaporation of metal into cylindrical depressions in a Si02 layer on a Si substrate. 
Many variants and improvements on the basic Spindt technology are described 
in the scientific and patent literature. 

In about 1985, it was discovered that thin films of diamond could be 
grown on heated substrates feom a hydrogen-methane atmosphere, to provide 
25 broad-area field emitters. Much later (1995) Tiick, Taylor and I^tham fGB 2 30^ 
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989) described an improved broad-area emitter. Work in this area, which 
includes carbon and other nanotube layers, is now very fashionable and diere is a 
building body of art in bodi die patent and sdentific literature. 

The best examples of such broad-area emitters can produce usable 
5 dlectric currents at fields less than 10 V/micron. In die context of tiiis 

spedficadon, a broad-area field emitter is any material including carbon and 
odier nanotube layers tihat by virtue of its composidon, micto-stmcture, woik 
fimcdon or otiier property emits useable electronic currents at macroscopic 
electrical fields that might be reasonably generated at a planar or near-planar 
10 surface - that is, widiout die use of atomically sharp micro-dps as emitting sites. 

A problem widi broad-area emitters is that the exact location of die 
emitter or emitters within the emitter cell formed by die aperture in die gate 
electrode, the gate insiil^iting layer, the cathode track and die coating of emitter, 
is unpredictable. This in contrast to tip-based emitters, which will typically be 

15 dose to the centre. The extraction fidd is highest near the perimeter of the cell 
and, as a result, the dectrons rarely origbate fix)m the centre of the cdl so that 
their kinetic energies have a lai^ radial component. It is rare for the combined 
effect of die modest number of sources from die multiple cells in a pixd to be a 
symmetrical, \f^ch results in each pixd exdting a different shaped region on the 

20 phosphor coated anode. Even with the same current per pixel, the visual effect 
of this is very visible fixed pattern noise. 

The high radial component of kinetic energy also reduces die 
efifecttveness of conventional dectron optical focusing schemes, which in turn 
limits pixd and sub-pixd sizes — the problem is particulariy serious with colour 
25 displays where dectron cross-talk between sub-pixels afiFects colour purity. 
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Recendy, Van der Vaart et al (l^O 03/04 1039 A2) described a field 
emission display which has a petforated insulating plate with an upper 
conducting layer (the hop-electrode) set to a positive voltage placed between the 
catiiode plane and tiie anode. Witiiin this so-called Hop-Plate, secondary 
S electron hopping transport is used to homogenise the electrons and re-emit 
them as secondary electrons with energies around 5 eV. The hop-plate is 
normally made of g)kss having a coefiEcient of expansion matched to die rest of 
die display. The channels are usually formed by powder blasting* This electron 
hopping transport was first described by Van Gorkom m US 5,270,61 1 togetiier 
10 widi devices using die technique. A display based upon dais principle called 
Zeus was well described in Pbil^ Journal qfResearcb Vol 30, N^'s. 3/4 (1996). 

Because die hopping is a chaotic process, diere is no correlation 
between die location at which an electron leaves die pixel, die direction it travels 
widiin die channel and die position of re-emission of die low eneigy secondary 
IS electron. As a result, diere are effectively as many emitting sites per pixel as diere 
are electrons in the pulse, leading to excellent intra-pixel uniformity. Provided 
die correct voltage is applied to die hop-electrode, die channel has a 
transmission factor of unity - ie. as many electrons leave die exit as arrive at die 
entrance. 

20 It is in diis area of Hop-EED displays and odier devices using die 

technology diat preferred embodiments of die present invention make a 
contribtxtion to die arL 



25 



According to one aspect of die present invention, diere is provided a 
Hop-FED stmcture comprising: 

a. a substrata 
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b. emitter areas on said substrate; 

c. a hop-plate disposed over said siabstrate and emitter areas with a 
surface of the hop-plate opposing said substrate and emitter areas; 
and 

5 d. an electrically condacdve layer formed on said sur&ce of the hop- 

plate. 

Preferably, said sur&ce is formed \inth projections that space the 
remainder of the hop-plate firom said substrate and emitter areas. 

Preferably, said projections are formed as pillars or dbs. 

10 Said electdcally conductive layer may be provided on said projections. 

Said electrically conductive layer may not be provided on said 
projections. 

Said electrically conductive layer may be of a material of hi^ electrical 
resistivity. 

IS Said material may have a surface resistivity in the range 10*^ to 10^^ ohms 

per square. 

Said matftrial may have a surface resistivity in the range 10^ to 10^^ ohms 
per square. 

Said material may have a surface resistivity of substantially 10' ohms per 

20 square. 
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Said material may be selected £com the gtoup comptistDg amorphous 
silicon and silver doped silica. 

Said electrically conductive layer may extend partially Avithin the 
channels of the hop-pkte. 

3 Said electrically conductive layer may be cotmected to means for holding 

said layer at a predetermixied potential 

In another aspect, the invention provides a Hop-FED stmctoxe 
comprising: 

a. a cathode with emitter areas; 

10 b. an anode arranged to receive electrons emitted £rom the cathode; 

c. a hop-plate disposed between the cathode and anode; 

d. spacer means arranged to provide a space between said cathode 
and anode; and 

e. gettering material disposed in said space. 

IS Preferably, said spacer means comprises projections provided on one or 

bodi &ces of said hop-plate. 

Such a Hop-FED structure may further comprise a flue-plate between 
said hop-pkte and anode. 



20 



Said spacer means may comprise projections provided on one or both 
faces of said £tue-plate. 
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Preferably, said spacer means are formed as pillars or ribs on said hop- 
plate and/or flue-plate. 

Preferably, said gettering matedal forms a distributed getter. 

Said gettering material may comprise a non-evaporated getter. 

5 Said gettering material may comprise an alloy containing at least one 

Group IV metaL 

Preferably, the structure is sealed by a gjbiss-fiit seal that is spaced fiom 
said gettering matfsrial^ and the structure further comprises a condxicdve member 
lhat is compatible \rith said g]ass-£dt and extends horn outside the structure, 
10 throti^ said gjbiss-£dt seal and to said gettering tnatenal, to "which it is electrically 
connected. 

In another aspect, the invention provides a method of manufacturing a 
hop-plate for a Hop-FED stmcture, the method comprising the steps of: 

a. applying an electrically conductive layer to a sur&ce of a main 
15 body; 

b. applying a sacrificial layer to said electrically conductive layer; 

c applying a protective layer vnih apertures to said sacrificial layer; 

d. eroding portions of said sacrificial layer, electrically conductive 
layer and main body througjh said apertures so as to form channels 
20 throu^ said main body at the locations of said s^ertures, said protective 

layer otiierwise protecting said sacrificial layer, electrically conductive 
kyer and main body from erosion; 
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e. applying a secondaiy emission layer to said sacdfidal layer and 
main body, including said channels; and 

£ removing said sacrificial layer vnAi contiguous portions of said 
secondary emission layer to expose said dectdcally conductive layer and 
5 said channels coated \7ith said secondary emission layer. 

Such a Hop-FED structure Preferably, in accordance v^ith any of the 
preceding aspects of the invention. 

Said sacrificial layer may comprise vacuum-evaporated or sputter-coated 
alominiam. 

1 0 Said protective layer may comprise a photoresist matfrial. 

Preferably, said erosion step is carried out by powder blasting. 
Said blasting may utilis e alumina abrasive media. 

• ■*» * 

Said secondary emission layer may comprise alumina. 

A melliod as above may further cotxxprise the step of applying a hop- 
15 electrode to said main body. 

In another aspect, the invention provides a method of manufacturing a 
Hop-FED stracture widi a gettedng material as above, themediod comprising 
the steps of: 



a. applying a protective layer vrith apertures to a surface of a main 
20 body of a hop-plate or flue-plate; 



wo 2005/036582 PCT/EP2004/052509 



-8- 

b. eroding portions of said main body throng said apertures, said 
protecttv^e layer otherwise protecting said main body fiom erosion; and 

c removing said protective layer to defibae at locations imder said 
protective layer projections to serve as said spacer means. 

5 Preferably, said protective layer compiises a photoresist matedaL 

Preferably, said erosion step is carded out by powder blasting. 

Said blasting may utilise alumina abrasive media. 

Said erosion step may be carried out by etching. 

In another aspect, the invention provides a method of m a nufacturing a 
10 Hop-FED stmcture with a gettedng material as above, the method comprising 
the st^s of applying a metal film in a pattern to a main body of a hop-pkte or 
flue-plate and electroplating said metal film to define projections that serve as 
said spacer means. 

Preferably, said metal film is applied by sputter coating. 

15 In another aspect, the invention provides a mediod of manufac turing a 

Hop-FED stmcture with a gettedng material as above, the method comprising 
the steps of s^plying multiple layers of g^ss £dt to a main body of a hop-plate or 
flue-plate to define projections that serve as said spacer means. 

Preferably, said layers of ^bss Gat are s^plied by a pdnting process. 



20 Preferably, said main body is of g^s. 
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For a better understanding of the invention, and to show how 
embodiments of the same may be carried into effect, reference will now be 
made^ by way of example^ to the accompanying diagrammatic drawings, in 
which: 

5 Figure 1 iUustrates the basic concept of a Hop-FED; 

Figure 2a shows fuller details of a Hop-FED; 

Figure 2b shows a Monte Cado electron trajectory simulation of a Hop- 
FED; 

Figures 3a and 3b show a Hop-Fed with pillars or dbs, and charging 
10 problems that can occur; 

Figures 4a and 4b are views similar to Figures 3a and 3b, but showing 
the usQ,of resistive layers to overcome chsxffng problems; 

Figure 4c is a view similar to Figure 4a, but widiout dbs or pillars; 

Figures 5a and 5b are graphs to demonstrate the effectiveness of tiie 
15 embodiments of Figure 4, as compared to stmctures witiiout the resistive layers 
of Figure 4; 

Figure 6 illustcates a final structure required for a simple spaced hop- 
plate (pillars omitted for simpUdty); 

Figures 7a to 7e show an exemplary process flow to create the structure 
20 of Figure 6; 
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Figure 8 illasttates a Hop-FED with additional spacer pillars or ribs to 
provide surfiace areas for distributing a getter film; 

Figure 9 shows one example of a method of fabricating pillars or ribs; 

Figure 10 shows an alternative method of creating pillars or ribs; 

S Figure 1 1 shows another method of creating pillars or ribs; 

Figure 12 shows an arrangement where a hop-plate 1200 has a frit seal 
ring impingbog upon it, gettering material formed so as to avoid the £dt seal, and 
a fiit-compatible leadtlirough. 

In the figures, like reference numerals denote like or corre^onding 

10 parts. 

In the contest of this specification, a 'THop-FED structure" comprises 
an insulating plate (the hop-plate) that is perforated to define channels through 
which electtons pass, is placed between cathode and anode, and has a 
conducting layer (the hop-electrode) on the anode side. 

15 Figure 1 iUusttates the basic concept of a Hop-FED. FED cathode 

plane 100 has an array of emitter cells 101 per pixel set within the entrance 
diameter of a hop-channel 103 formed in a hop-plate 102. Electrons 105 strike 
the channel walls and hop towards a hop-electtode 104 at a positive potential 
The majority of the secondary electrons 106 are re-emitted fi:om the channel wall 

20 near the top, fimning a ring-shaped emitting area 107. 

Figure 2 shows the full Hop-FED a>ncept as described by Van der 
Vaart et al \diich uses a second, so-called fiue-plate 209, where electrons are 
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accelemted towafds the anode. Together the hop-plate 205 and the flue-plate 
209 form a spacer system to support the cathode and anode against atmospheric 
pressure. In more detail, the basic Hop-FED stmctare is as follows. On 
substrate 200 tiiere is a conventional broad-area FED structure (see for example 
S the applicants patent GB 2 330 687) with gate electrodes 203 and with emitter 
layer on a conducting track 201 exposed through emitter cells 204. Thegateand 
emitter track are insulated £com each other by didectdc layer 202. 

In this embodiment, a bop-plate 205 sits direcdy upon the FED cathode 
plane with hop-electrode 207. The flue-plate 209 sits upon the hop-plate 205 
10 and anode plate 210 completes the sandwich stracture. The electrons are now 
confined to channel 206 where, in the hop-pkte portion, they undergo 
homogenisation by hopping 208 and in the flue-plate channel they are 
accelerated to hi^ voltage. Bodi the hop-plate and the flue-plate have various 
functional coatings applied to them. 

15 Whilst the concept of the Hop-FED is attractive, some very real 

problems appear when one tdes to build and operate one. The first of these are 
iUustrated in Figure 2b» which is a Monte Cado electron trajectory simiilation of 
such a device taken fix>m Visser et d Society farlf^armation Di^i^SID '03 D^st 
P<^er 18 A. The model shows a hop-plate flue-plate combination with electron 

20 trajectories 221 and equipotentials 220. A stated advantage of this design is to 
reduce the electric field at the surface of the FED and so reduce the chance of 
arc damagp. However, if one looks at the simulation, the equipotentials 
crowding together in the region 222 closest to the cathode surfiu:e show that, in 
&ct, a hi^ field exists near the cathode sur&ce. 

25 One potential solution to tibis problem is iUustrated in Figure 3a, which 

shows a substrate 300 with field emitting structures in tracks 301 and 302, a hop- 
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plate 303, flue-plate 310, phosphor layer 305 and anode ^kss 304. The hop- 
plate is spaced oflF of the cathode by pillars or nbs 307 which both reduce the 
field at the cathode surface and also allow outgassing products 309 to be 
ptimped away through gap 308. Methods of forming such piUars or ribs are 

5 described below wida reference to Figure 9. Howev^er, aWioug^i this reduces the 
e35posure of the cathode to the hi^ field at the neck of the hop-cfaannd, it 
presents another problem in that, because of the hig^ radial enetgy of electrons 
in FEDs (particulady those with broad-area emitters), emitted electrons 306 
from the margpuis of the emitter cell groups can strike the underside of the hop- 

10 plate, causing it to charge 31 1. Charging occurs during the period gate 302 is 
positive with respect to both the emitter and the gates on either side 301. As the 
next gate is addressed (Figure 3b) the gate beneath the charged r^on drops in 
potential and an increased field appears between the cfaaiged region and the gate 
and a discharge 312 may occur leading to unstable operation and damage to the 

15 FED cathode plane. 

Figure 4a (vdierein like elements are numbered as in previous figures) 
shows a solution to this problem. A conducting layer 401 is applied to the 
underside of the hop-plate 303 and pillars 307. To prevmt the conducting layer 
short-circuiting all gate tracks together, a highly resistive layer is used. This is 
20 suflBLdently conductive to dissipate any charge build-up but sufficiently resistive 
that it does not draw excessive current £com the gate driver electronics. A 
sur&ce resistivity of 10^ ohms per square may be suitable. Suitable films are 
sputtered amorphous dlicon and a printed silver doped silica layer as described 
in our co-pending application GB 03 22360.9. 

25 Figure 4b (herein like elements are numbered as in previous figures) 

shows an alternative approach where the pillars 307 are lefi: uncoated, and hence 
are inignlgting^ and a conductive filtn 402 is applied to the underside of the hop- 
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plate 303 otdy. It is now less import that the film be resisthre and its potential 
may be set by connection to an extetoal power si:^ply 403. 

Figure 4c shows yet another approach where tihe hop-plate 303 does not 
have insulating pillars but sits direcdy on the sur£ace of the gates. In tiiis case, 
S film 410 has a hig^ surfiace resistivity of '^10^ ohms per square but die higjh field 
region, which would be at die entrance to the hop-channel, is moved away £tom 
die gate surface by allowing film 410 to enter die chatmel by typically 
100 microns 411. Suitable films are sputtered amorphous silicon \^ere the 
penetration is controlled by choice of sputtering pressure or printed silver doped 
1 0 silica layer that has been allowed to flow into the channel by controlling p rin tin g 
conditions. 

Although two examples of resistive films have been given, others may 
be substituted by those skilled in the art 

Figures 5a and 5b demonstrate the effectiveness of the embodiments of 
IS Figure 4. In diis case^ the experimental data compares the performance of a 

hep-plate witii no resistive layer (Figure 5a) widi one having a silver dop ed silica 
layer tliat has been allowed to penetrate tlie hop-channels (Figure 5b). The data, 
'^ch shows total anode current against hop-electrode voltage, is for a 5.7 inch 
diagonal quarter VGA Hop-FED. Observation of the performance of the 
20 device, when driven to peak vdiite, shows a number of regions. 



Region 


Observation 


A 


No arcing 


B 


A few arcs diminishing with time 


C 


Continuous light arcing 
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D 


Continuous heavy atdng 


E 


Not explored 



It can be seea deady in Figute 5a that the hop-plate vnih no resistive 
layer does not operate stably ^ereas the one 'with the resistive layer in Figure 5b 
has a laige region '^A" where stable operation occurs. 

5 In order to achieve long-term operation, it is normal to coat tiie inner 

region of die hop-channel widi a xnaterialdiat has botii ahig^ secondary 
emission yield and is stable under electron bombardment Sxiitable materials are 
MgO or AI2O3 but otiiers may be used. These layers are typically sputtered or 
electron beam evaporated. For a simple spaced hop-plate, die final stmcture 

10 required is that in Figure 6 (pillars omitted for simplicity). Because of the funnel 
shaped nature of the hop-channel 103, die key problem is how to get die 
resistive or conducting layer 604 onto the under stuface of the hop-plate 600 
witiiout contaminating die secondary emission coating 603. Because of the 
more firvourable geometry of the tapered channel ficom above, die conducting 

1 S hop-electrode 601 can usually be applied later by some line-of-sig^t process, 
such as vacuum evaporation, \9id10ut contaminating the secondary emitting 
layer. 

Figures 7a to 7e show an exemplary process flow to create a desired 
stmcture; those skilled in the art may create otiiers widiout departing from the 
20 teachings of diis document. Note dia^ whilst in die case illustrated, die hop- 
dectrode layer 601 is applied later, it could equally be applied before powder 
blasting is commenced and protected either by jigging or a resist layer. 
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Figuie 7a shows a preliminary stage in ^ybich we have glass 600, resistive 
kyer 604 deposited as previously described and a sacdfidal layer 605, such as 
vacuum-evaporated or sputter-coated aluminiuni. A photoresist layer 606 has 
been applied, eaposed and patterned to define the entrance apertares of die hop- 
5 channels. 

Moving now to Figure 7b, powder blasting with, e.g. alumina abrasive 
media 607, is used to remove mat^dal to form die conical apertares. 

Figure 7c shows the completed stmcture with resist stdpped off and the 
secondary emission layer 603 — say alumina — coated inside the hop-channels and 
10 unavoidably over die whole lower side of the plate. 

Moving now to Figure 7d the sacrificial layer 605 is removed widi say 
hydrochloric acid and, in the process, the unwanted portions of die secondary 
emission layer 608 are removed by a lift-oflF process. 

In Figure 7e the hop-electrode 601 has now been added to complete the 

15 process. 

We now move to anotiier improvement to the Hop-FED art — diis 
concerns vacuum desigo. Returning to Figure 2 we see that, aldioiag^ the 
electtons widiin each pisdl or sub-pixel are totally confined, avoiding any inter- 
pixd cross-talk, they are, for all practical putposes, cut off £ram each odier and 
20 the pump tube used to evacuate the device. VanderVaart et al (WO 03/041039 
A2) partially addresses this prohlem and describes pumping channel systems to 
connect the hop-channels. However, they do not address gettering, which is the 
other key aspect of obtaining and maintaining a good vacuum in sealed-oflF 
devices. By a getter we mean a chemically reactive material enclosed within a 
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vacuum device to adsorb species out-gassed from the s\it£ices of die device 
throughout its life. These materials are divided iato two broad classes: 
evaporated getter films, typically barium, and noa-evaporated getters (NEGs), 
often based upon metals or alloys from Groi^ IV of the periodic table. Whilst 
5 evaporated gutters produce a one-time active surface, NEGs produce an active 
surface by sorbing gasses into tiieir bulk to leave a new clean and reactive 
surface. Hie best n:iatedals activate at tenq>etatures compatible ^th tiie bakeout 
used during electron tube processing, so no additional heating is required. 

NEGs are typically introduced into vacuum devices in die form of 
10 pellets or metal tape vntb. die powdered gettering material swaged into die 
surface. However, recentiy work has been reported on direcdy applying tiiese 
materials onto device sur&ces by, for example, sputter coating - e.g. 
Prodromides describes a sputtered Ti:Zr:V ternary alloy (These No. 2652, 2002, 
Ecole Polytechnique Federale de Lausanne) This document can be convenientiy 
15 be downloaded from die CEKN Document Server at: 

where a number of otiier documents on die topic also reside. IGbn, Y.C. et al 
describe a sputtered TiiZcCr ternary alloy ([VMC2002 Digest Pi^erPM.03). 

In die context of tiiis specification, a "distributed" getter is a getter tiiat 
20 is distributed over a predetermined region, iti contrast to a getter diat is applied 
in H I snrimirifttftly over an available area. 

Whilst die simple conceptual Hop-FED of Figure 2 is not ideal from a 
gettering perspective, the Hop-FED is infiactmore suited to distributed 
gettering tban a standard FED. It can be seen in Figure 8 that by adding spacer 
25 pillars or ribs at one or more of die locations 307, 810 and 811, large areas of 
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sutface smtable for distdbuting a NEG film are made available. The pillars or 
ribs are typically 100 microns in height. Perhaps the most simple of these 
options is forming the hop-electrode out of a conducting NEG layer. 

The fabrication of the ribs can be by a variety of methods. Figure 9 
5 shows one example^ following the powder blasting of hop-channels 901 in g^s 
sheet 900 as previously descdbed. One or more new layers of photoresist can be 
applied and patterned 902 and a second/third blasting operation 904 undertaken 
to remove tnatftfial 903 to leave pilkrs or ribs 905 or 906. In some cases, during 
these subsequent operations, the surface micro-cracking associated with powder 
10 blasting becomes an issue, and in that case wet etching in hydrofluoric add or 
reactive ion etch are also options — see for example Stdbogoetter et al (2003) 
(Pm. qfSPIE Vol 4984 p 235). In any of these cases, during the pillar or rib 
formation, there will be some enlaigement of the diameter of hop-channel. In 
order to compensate for this, die initial Hagting is adjusted to produce undersize 
15 channels that wiUkter be eidaiged by erosion fi»m the pillar or rib formati^^ 
process. 

Figure 10 shows an alternative method of creating pillars or ribs in 
which a metal filtn e.g. sputter-coated is patterned 1001 on the hop-plate 1000 
and then electroplated iq> the required hdg^t 1002. 

20 Figure 1 1 shows another method \rtiere the hop-plate 1100 has pillars 

or ribs built fix)m multiple layers of screen-printed ^kss fidt, such techniques 
being common in plasma display fabrication. The layers are dried and fired 
between applications. 



25 



Retumiog now to Figure 8 it can be seen tha^ depending on the 
arrangement of spacer pillars or ribs there are four potential locations for 
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distributed NEG layers in a Hop-FED, namely sxaxfaces 820, 821, 822 and 823. 
Not all of these need be used — in feet, substLtating a NEG material for the hop- 
decttode may be all that is requited 

However, no knowa NEG materials are compatible \(dth frit seals, so a 
5 separate lead-out material is likely to be required. Figare 12 shows such an 
arrangement where, for example, a hop-pkte 1200 has a &it seal ring 1201 
impingjingupon il^ NEG material 1202 formed so as to avoid the hit seal and 
frit compatible leadthrou^ (e.g, chromium) 1203, Simdlar considerations may 
apply to other locations if external driven voltages need to be applied. 

10 In this spedfication, the verb "comprise" has its normal dictionary 

meaning, to denote non-exclusive inclusion. That is, use of the word "comprise" 
(or any of its deri?ratives) to include one feature or more, does not exclude the 
possibility of also including furtiier features. 

All of the features disclosed in this specification ^eluding any 
IS accompanying claims, abstract and drawings), and/or all of die steps of any 
mediod or process so disclosed, may be combined in any combination, except 
combinations where at least some of such features and/or steps are mutually 
exclusive. 

Each feature disclosed in tiiis specification Qnrlnding any accompanying 
20 claims, abstract and drawings), may be replaced by alternative features serving 
die same, equivalent or similar purpose, unless expressly stated otherwise. Thus, 
imless expressly stated otiierwise, each feature disck>sed is one example only of a 
generic series of equivalent or similar features. 
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The invention is not restricted to the details of the foregoing 
embodiment(s). The invention extends to any novel one, or any novel 
combination, of the features disclosed in this specification ^eluding any 
accompanying dairns, abstract and drawings), or to any novel one, or any novel 
5 combination, of the steps of any method or process so disclosed. 

The reader's attention is directed to all and any priority documents 
identified in connection \ritih this application and to all and any papers and 
documents diat are filed concurrently with or previous to this specification in 
connection with tiiis application and which are open to public inspection witia 
10 this specification, and die contents of all such papers and documents are 
iacorporated herein by reference. 



